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Rejection of murine skin grafts by hematopoietic chimeras 
that are fully compatible genetically with the skin-graft 
donor has been attributed to a disparity in skin-selective al-
loantigens between the irradiated host and the skin graft 
donor. Monoclonal antibodies recognizing Skn" alloantigen 
were produced and used in indirect immunofluorescent and 
R ejection of skin grafts in mice based on tissue-restricted alloantigens expressed on e~idermal cells was first predicted by Boyse and Old [1]. Radiation chimeras produced by lethally irradiating C57BL/6 (B6) mice and reconstituting them with an injection 
of (B6XA/J}Ft spleen cells, designated (B6XA}/B6 chimeras, re-
jected skin grafts from A/J (A) or (B6XA}F t donors while remain-
ing tolerant to (B6XA}F t lymphoid cells [2]. In fact, donor F. skin is 
rejected even when it comes from the actual individual mouse that 
provided the reconstituting cells, indicating that rejection is not due 
to genotypic differences between the skin graft donors and the 
donors of the reconstituting cells [2]. This immunologic reaction 
resulting in graft rejection is directed against the skin-selective al-
loantigen, Skn [1]. This was confirmed by Harrison and Mobraaten 
[3] using chimeras made by repopulating unirradiated genetically 
anemic W /Wv mice with marrow cells from B6-H-24' mice, a 
congenic line differing at non-H-2 histocompatibility loci. These 
chimeras also rejected skin grafts that were syngeneic with the mar-
row graft donor. 
Skn alloantigen expressed on A strain epidermal cells has been 
defined serologically by a complement dependent cytotoxicity assay 
[4] and by indirect immunofluorescence and flow cytometry [5]. 
Antibody produced by (B6XA}/B6 chimeras that had rejected A 
strain skin grafts reacted with A strain epidermal cells but not with A 
strain lymphoid cells or B6 epidermal cells. 
The objective of this study was to define histologically the ex-
pression of the Skn alloantigen in the epidermis of A strain mice. 
The alloantigen is denoted as Skn" to distinguish it from the skin-
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immunoperoxidase tests with sections of skin to demonstrate 
and confirm the expression of Skn" alloantigen on epidermal 
cells of Skn" genotype and absence of Skn" alloantigen from 
epidermal cells of non-Skn" genotype. ] Invest Dermatol 
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selective alloantigen expressed on B6 and possibly other mouse 
strains. To accomplish this, we used two immunohistochemical 
techniques, indirect immunofluorescence and immunoperoxidase 
labeling, using monoclonal antibody directed against Skn' alloanti-
gen. The results show that Skn' alloantigen responsible for reactiv-
ity of the Skn-selective monoclonal antibody could be identified in 
the epidermis of A strain mice. 
MATERIALS AND METHODS 
Tissue C57BL/6 (B6) and A/J (A) mice were obtained from the 
Jackson Laboratories, Bar Harbor, ME. (B6XA}F. mice were bred in 
the animal facility at the University of New Mexico, Albuquerque, 
NM. Full-thickness ear biopsies were obtained from mice under 
anesthesia. Specimens were snap frozen in liquid nitrogen and 
stored at -70·C until further use. 
Monoclonal Antibody Production (B6XA}/B6 radiation chi-
meras were produced and immunized as previously described [5]. 
Briefly, B6 mice were lethally irradiated and restored with 
(B6XA}F t spleen cells. The resulting (B6XA}/B6 chimeras were 
immunized by a full-thickness tail skin graft. All mice rejected their 
grafts. Three days before the hybridization procedure mice were 
given an intraperitoneal injection of dispersed epidermal cells pre-
pared from A tail skin. Spleen cells from these immunized mice 
were hybridized with P3X63-Ag8.653 myeloma cells using a stan-
dard hybridoma procedure [6,7). Hybridoma supernatants were as-
sayed by indirect immunofluorescence and flow cytometry using A 
and B6 strain epidermal cells and A thymocytes as target cells [5). 
Positive samples were identified as those demonstrating fluores-
cence when reacted on A epidermal cells and lack of fluorescence on 
B6 epidermal cells and A thymocytes. Positive samples were subse-
quently cloned by limiting dilution. Skn'-specific antibody produc-
ing clones used in these studies are designated 22.1 and C4. Ascites 
fluid was produced by injecting pristane-primed (2,6,10,14 tetra-
methylpentadecane, Sigma Chemical Co., St. Louis, MO) (BALB/ 
c X B6)F t mice with hybridoma cells from anti-Sku' clone C4. 
Ascites fluid produced in this manner tested positive on A epidermal 
cells and negative on B6 epidermal cells and A thymocytes using our 
flow cytometric assay. 
Immunohistologic Procedures Six-,um cryostat sections of tis-
sue were mounted on glass slides, air dried, and fixed with 95% 
ethanol for 10-15 sec at room temperature. The following proce-
dure was carried out at 4·C in a moist chamber. For indirect immu-
nofluorescence (IIF), sections were incubated with undiluted super-
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natant fluid from anti-Skn' clone 22.1 for 30 min. After washing in 
phosphate-buffered saline (PBS) the sections were overlayed with 
biotinylated goat antimouse IgG + IgM (Caltag Laboratories, San 
Francisco, CA) for 20 min, washed and then incubated with fluores-
cein isothiocyanate conjugated Streptavidin (Amersham Corp., Ar-
lington Heights, IL) for 10 min. After a final wash the sections were 
mounted with glycerin-PBS and examined using a Zeiss micro-
scope equipped with epi-illumination and filters for fluorescein. 
The immunoperoxidase (IP) technique was performed as follows: 
cryostat sections were brought to room temperature and fixed in 
acetone at 4· C for 10 min. After washing in PBS, the sections were 
incubated in 6% hydrogen peroxide-methanol to block endoge-
nous peroxidase. The tissue was then coated with PBS containing 
0.1 % bovine serum albumin and 3% normal goat serum for 10 min 
to reduce nonspecific staining by the second step reagents. The 
sections were treated with ascites fluid from anti-Skn' clone C4 
[used undiluted for A and B6 skin sections and diluted 1 : 100 in PBS 
for (B6XA)F. and absorption studies] for 90-120 min. After two 
5-min washes in PBS, they were incubated for 30 min with biotiny-
lated goat antimouse IgG + IgM diluted in PBS with 2% bovine 
serum albumin followed by a 30-min incubation with avidin: bio-
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tinylated peroxidase complex (Vectastain Standard Kit, Vector Lab- A 
oratories, Burlingame, CA). The tissue was then reacted for 10 min 
with 3,3' -diaminobenzidine tetrahydrochloride (DAB, Sigma) so-
lution (150 mg DAB in 200 ml PBS) containing 70.u1 hydrogen 
peroxide. The peroxidase stain was developed by exposing the slides 
to osmium tetroxide vapor for 10 min in a moist chamber. After 
washing, the sections were counterstained with methylene blue for 
15-30 sec and washed in running tap water. The sections were 
quickly dehydrated and coverslipped with permount. 
Absorption Studies Separation of tail skin epidermis from dermis 
was accomplished as previously described [5]. The epidermal sheets 
were used to line the bottom of a 35 X lO-mm Petri dish. Ascites 
fluid from anti-Skn" clone C4 was diluted 1: 100 in PBS and 
1.5 rnl was placed on the epidermal sheets. After incubation at 4·C 
for 30 min the antibody was recovered and centrifuged at 15,850 g 
for 3 min. 
RESULTS 
Indirect Immunofluorescence Ear skin from normal A and B6 
mice was reacted with supernatant fluid from anti-Skn'-specific 
clone 22.1 as described above. The staining pattern obtained is illus-
trated in Figure 1. The antiserum reacts with antigens present on 
epidermal cells from A strain mice (Fig. lA) but not with epidermal 
cells of B6 strain mice (Fig IB). The staining of the dermis of both 
strains of mice is considered nonspecific due to anti mouse immuno-
globulin second step reagents. This conclusion is based on evidence 
that dermal staining of tissue was also observed when treated only 
with second-step reagents (controls). Considerable effort to reduce 
or eliminate dermal staining by blocking reactions (treatment with 
aggregated normal rabbit IgG or 5% nonfat milk solution) was 
unsuccessful. 
Immu noperoxidase Technique A second assay using the more 
sensitive IP technique was performed to define the expression of 
Skn' alloantigen. For these studies ascites fluid from anti-Skn'-
specific clone C4 was used as the primary antibody. The results are 
shown in Figure 2. The expression ofSkn alloantigen on cells from 
A strain mice (Fig 2A) and also from the heterozygous (B6XA}F. 
mouse (Fig 2B) is clearly present throughout the epidermis. Both 
the cytoplasm and the extracellular matrix are stained. The staining 
pattern ends with an abrupt demarcation at the stratum corneum. In 
contrast Skn' alloantigen is absent from the epidermis of B6 mice 
(Fig 2C), the minimal and inconsistent staining of the B6 skin being 
confined to the lower section of the stratum corneum. As described 
for the IIF staining technique, nonspecific dermal staining was 
always observed, regardless of whether or not the tissue was tteated 
with anti-Skn' antibody. This is shown in Figure 2D in which A 
strain tissue was treated with second step reagents alone (i.e., anti-
B 
Figure 1. Indirect immunofluorescence staining of mouse ear skin with 
Skn' monoclonal antibody, clone 22.1. A : Epidermal cells of A strain mice 
(Skn') are positive. B : Epidermal cells of B6 mice (non-Skn-) are negative. 
There is nonspecific staining of the dermis. 
Skn' antibody omitted). In this control section epidermal staining is 
absent. 
To demonstrate specificity of the reaction for Skn", ascites fluid 
produced from clone C4 was absorbed with either A or B6 epider-
mal sheets. As shown in Figure 3A, ascites fluid absorbed with A 
epidermal sheets removed Skn' antibody activity when tested 
against A strain tissue, whereas previous absorption with B6 epider-
mal sheets did not (Fig 3B). Nonspecific staining ofB6 skin sections 
was not affected by absorption of C4 ascites with either A or B6 
epidermal sheets (data not shown). 
DISCUSSION 
Using Skn" specific monoclonal antibodies, these studies clearly 
demonstrate the presence of Skn" alloantigen in the epidermis of A 
strain and (B6XA)F, mice. In addition they extend our earlier stud-
ies [5] showing that A strain skin graft rejection by (B6XA}/B6 
chimeras is mediated by antigens unique to epidermal cells. The 
results presented here also confirm the polymorphism of Skn aI-
loantigen among mouse strains that had been previously demon-
A 
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Figure 2. Immunoperoxidase staining of mouse ear skin with Skn' monoclonal antibody, ascites fluid from clone C4. A strain (A) and (86XA)F, (B) 
epidermis is positive. B6 epidermis (C) is negative. Absence of the reaction with A strain epidermis when Sirn monoclonal antibody is omitted (D) denotes Skn' 
specificity. 
B 
Fjgure 3. The IP results of absorption studies on A strain epidermis. Epidermal staining is removed by absorption of C4 ascites of A (A) but not 86 (B) 
epidermal sheets. Nonspecific dermal staining is not affected by absorption procedures. 
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strated by typing epidermal cell suspensions with anti-Skn antisera 
using a cytotoxicity assay [4] and by skin graft rejection in neona-
tally tolerized hematopoietic chimeras [8]. 
In both the IIF and IP techniques dermal staining is apparent. 
Because the staining is present in both B6 and A skin and is seen in 
the absence of the first reagent (anti-Skn" antibody), we conclude 
that it must be irrelevant and nonspecific. 
The Skn" alloantigen is found on the surface of A strain epidermal 
cells, and as demonstrated here, the antigens can also be detected 
within the cytoplasm of cells and in the extracellular matrix. This is 
especially apparent with the highly sensitive IP technique. The 
staining pattern of Skn" alloantigen corroborate the interpretation 
of the findings from our immunofluorescence-flow cytometric 
studies [5J in which light scatter versus fluorescent dot plots indi-
cated a heterogenous population of stained cells. The evidence pre-
~cnted here indicates that virtually all cells within the A strain and 
{B6XA)F, epidermis express Skn" alloantigen. It must be noted, 
however, that until definitive localization studies using immuno-
gold labeling and electron microscopy are completed, these associa-
tions are only speculative. These studies are presently underway. 
In addition to determining the extent ofSkn" alloantigen within 
the epidermis, it is also desirable to define the expression ofSkn" in 
other tissues. For Skn" to be defined as a tissue-specific histocompat-
ibility alloantigen we would expect it to be expressed by only a 
limited number of cell types. A non-major histocompatibility com-
plex epidermal alloantigen with limited tissue expression, called 
Epa-1, has been identified by cellular cytotoxicity to be expressed on 
mouse epidermal cells [9]. Epa-1 has also been shown to be found on 
mouse fibroblasts cultured from epidermal explants and on activated 
macrophages, but not on lymphocytes [10]. Epa-1 is different from 
Skn alloantigen in that Epa-1 has not been demonstrated serologi-
cally [l1J. 
The Skn" alloantigen has been shown to be absent from A strain 
thymocytes [4,5J, lymph node, spleen, and bone marrow cells [4] as 
demonstrated by the lack of anti-Skn" reactivity for these cell types 
using serologic methods. The presence of Skn" alloantigen on A 
strain brain was concluded from data showing the ability of A brain 
tissue to absorb anti-Skn" activity [4J and is supported by the finding 
that A strain neuroblastoma C1300 cells are susceptible to anti-Skn" 
antisera [4 and our unpublished results]. Examination of other tis-
sues using the histologic methods described in this report can con-
tribute to the concept of Skn" as a true tissue-restricted alloantigen. 
The definition ofSkn alloantigen selectively expressed by epider-
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mal cells and possibly by a limited number of other tissues may be 
relevant not only to transplantation, in the context of tissue-specific 
graft rejection, but also perhaps to human autoimmune states with 
prime dermatologic manifestations, where the target of the autoim-
mune response may be the cell surface molecules that bear Skn 
alloantigen, though recognized iii this case more probably by anti-
genic epitopes other than Skn. 
REFERENCES 
t. Boyse EA, Old LJ: Loss of skin allograft tolerance by chimeras. Trans-
plantation 6:619, 1968 
2. Boyse EA, Lance EM, Carswell EA, Cooper S, Old LJ: Rejection of 
skin allografts by radiation chimeras: selective gene action in the 
specification of cell surface antigens. Nature 227:901 - 903, 1970 
J. Harrison DE, Mobraaten LE: Skin graft rejection in mice repopulated 
with marrow of the skin donor type: a Skn gene in a congenic line. 
Immunogenetics 19:503- 509, 1984 
4. Scheid M, Boyse EA, Carswell EA, Old LJ: SerologicaJly demonstrable 
alloantigens of mouse epidermal cells. J Exp Med 135:938 - 955, 
1972 
5. Jackman SH, Goldberg EH: Demonstration ofSkn antigens on mouse 
epidermal cells by immunofluorescence and flow cytometry. J In-
vest DermatoI88:574-576, 1987 
6. Kohler G, Milstein C: Continuous cultures of fused cells secreting 
antibody of predefined specificity. Nature 256:495 - 497, 1975 
7. Oi VT, Herzenberg LA: Immunoglobulin-producing hybrid cell lines. 
In: Mishell B, Shiigi S (eds.). Selected Methods in Cellular Immu-
nology. Freeman, San Francisco, 1980, p. 351 
8. Fleming HL, Silvers WK: An immunogenetic analysis ofSkn antigens 
in mice. Immunogenetics 14:517 - 526, 1981 
9. Steinmuller D, Tyler JD, David CS: Cell-mediated cytotoxicity to 
non-MHC alloantigens on mouse epidermal cells. I. H-2 restricted 
reactions among strains sharing the H_2k haplotype. J Immunol 
126:1747 - 1753,1981 
10. Burlingham WJ, Snider ME, Tyler JD. Steinmuller D: Lysis of mouse 
macrophages, fibroblasts, and epidermal cells by epidermal alloanti-
gcn-specific cytotoxic T lymphocytes: effect of culture and inflam-
matory agents on Epa-1 expression. Cell Immunol 87:553 - 565, 
1984 
11. Hadley GA, Steinmuller D: Domination by epidermal cell-reactive 
autoantibodies in attempts to raise antibodies to Epa-l alloantigens. 
Transplantation 45:215 - 221, 1988 
